Sunlit snow is highly photochemically active and plays an important role in the exchange of gas-38 phase species between the cryosphere to the atmosphere. Here, we investigate the behaviour of two 39 selected species in surface snow: mercury (Hg) and iodine (I). Hg can deposit year-round and 40 accumulate in the snowpack. However, photo-induced re-emission of gas phase Hg from the surface 41 has been widely reported. Iodine is active in atmosphere new particle formation, especially in the 42 marine boundary layer, and in the destruction of atmospheric ozone. It can also undergo 43 photochemical re-emission. Although previous studies indicate possible post-depositional processes, 44
Introduction
Gruvebadet aerosol site (Figure 1 ). This area has a homogeneously flat surface without specific 145 elevation changes or obstacles that might interfere with snow deposition or wind-blown redistribution. Wm -2 to a maximum of 456 W/m 2 ). In 2016, a second experiment (hereafter called the "2016 160 experiment") was carried out between the 6 th and the 9 th of April when the night and day cycle was 161 still present at Ny-Ålesund (incoming solar radiation between 0 and 227 Wm -2 ). The last experiment 162 was conducted during the polar night, between the 24 th and the 29 th of January 2017 (hereafter called 163 the "2017 experiment") with the complete absence of incoming solar radiation. To determine the 164 diurnal variation, and the rates of the expected changes in iodine and mercury concentrations, a high 165 temporal resolution (hourly) sampling strategy was adopted. An area of approximately 2 m x 2 m was 166 delimited for surface snow sampling, and all samples were collected inside this delimited area. At the 167 beginning of the experiment, six samples were collected to evaluate the spatial variability of mercury, 168 iodine, bromine (bromine is limited to the "2016 experiment") and sodium in surface snow within 169 the delimited snowfield. Afterwards, surface snow (the first 3 cm) was sampled with an hourly 170 resolution for three consecutive days. The upper 3 cm were chosen as this is the snow layer that is 171 most influenced by the surrounding atmospheric conditions, and, in case of snowfall, by deposition 172 (Spolaor et. al. 2018 ). During snow sampling, the temperature of surface snow was also measured. 173
To minimize spatial variability, samples were collected following a straight line leaving about 5 cm 174 between each of the sampling points. After collection, the snow samples were stored at -20°C in dark 175 conditions and transported to the Venice IDPA-CNR laboratories. The samples were never melted or 176 exposed to direct sunlight until analysis. 177 178
Meteorological measurements 179
Tower (Mazzola et al., 2016) , located about 500 m west of the sampling site and from the AWIPEV 181 observatory (Maturilli et al., 2013) , located about 800 m north of the sampling site. No meteorological 182 measurements are present in the sampling area. Temperature, relative humidity, were measured at 2 183 m above ground level and were considered as representative of the atmosphere just above the snow 184 surface while wind speed and direction at 10 m above ground. Incoming solar radiation was measured 185 at the top of the CCT tower (33 m), this value was not influenced by reflections from the structure. 186
One-minute data were used to obtain hourly averages. Snow accumulation data were obtained by 187 measuring the high of 4 plastic poles located at the extremities of the snow sampling field. 188
Precipitation data were recorded in Ny-Ålesund by the Norwegian Meteorological Institute (station 189 n. 99910) and downloaded through the eKlima database (eklima.no). 190 191
Snow Mercury analysis 192
Total Hg concentrations in surface snow samples was determined using a Thermo Element 193
Inductively Coupled Plasma Sector Field Mass Spectrometry (ICP-SFMS Element XR, Fisher, Bremen, Germany) in low resolution scanning mode using 202 Hg as the analytical mercury 195 mass with 10 replicates per sample measurement. The instrument was calibrated using standards 196 prepared from a mono-elemental Hg solution (TraceCert®, purity grade, Sigma-Aldrich, MO, USA). 197
Hg calibration standards were re-analysed every 10 samples as a quality control check. The percent 198 relative standard deviation (n=10) ranged from 0.5 % at 500 pgg -1 to 10 % at 1 pgg -1 and amounted 199 to 2.6 % on average. Considering the high volatility and instability of Hg in solution, the samples 200 were acidified at 2 % v/v with ultrapure hydrochloric acid before they were melted and analyzed. Halogens (I and Br) and sodium analyses were conducted on non-acidified samples. Total sodium 206 (Na), iodine (I) and bromine (Br) concentrations were determined by ICP-SFMS (Spolaor et al., 207 2016c) . Each analytical run started and ended with an ultra-pure water (UPW) cleaning session of 3 208 min to ensure a stable background level throughout the analysis. The external standards that were 209 used to calibrate the analytes were prepared by diluting a 1000 ppm stock IC (ion chromatography) 210 standard solution (TraceCERT® purity grade, Sigma-Aldrich, MO, USA). The standard 211 concentrations ranged between 10 and 4000 ng g -1 for sodium, 0.01 and 1 ngg -1 for iodine and between 212 0.5 and 20 ng g -1 for bromine. The residual standard deviation (RSD) was low for all analytes, the 213 halogens ranged between 1-2% and 2-5% for Br and I, respectively, and the RSD was 3-4 % for 214 sodium. 215
Atmospheric mercury measurements 216
Gaseous elemental mercury (GEM) was monitored using a Tekran 2537 Hg vapor analyzer as 217 described by Aspmo et al., 2005 and as summarized here: ambient air was sampled at 1.5 l min -1 218 through a Teflon filter via a heated sampling line. A soda-lime trap was mounted in-line before the 219 instrument filter. Hg in the air is pre-concentrated for 5 minutes by amalgamation on two parallel 220 gold cartridges, which alternate between collection and thermal desorption, followed by AFS (atomic 221 fluorescence spectrometric) detection. The instrument was auto-calibrated every 25 hours using an 222 internal Hg permeation source, whose accuracy was verified during routine site audits that include 223 manual injections of Hg from an external source (Aspmo et al., 2005) . th and the 9 th of April, the snow 238 temperature was not registered due a technical problem with the temperature probe installed in the 239 snow. Air temperature ranged between -7 and -3°C and solar radiation between zero at night time to 240 a maximum of 227 W/m 2 . As for the first experiment, wind speed was below 3 ms -1 , minimizing the 241 effect of blowing snow. Wind direction was almost constant and prevailing from east. The GEM and 242 the surface snow mercury datasets were de-trended to emphasize the diurnal variation and remove 243 the decreasing trend present in both datasets. The de-trended series were obtained calculating the 244 linear regression line for both series and subtracting this value from the data. show different background levels (Table 1) Similar behaviour was measured for total mercury in surface snow samples, with an increase in 291 concentration during snowfall followed by a rapid decrease in both experiments (Figure 2 and 3) . The 292 winter experiment is characterized by the highest iodine enrichment values (47 on average) and, 293 similar the previous experimental results, the experiment was characterized by snowfall and strong 294 winds during the first 24h. During the storm period in the winter experiment we detected an increase 295 in iodine concentrations (and Ienr up to 100), however the difference in iodine enrichment between 296 the snowfall periods and rest of samples collect was not statistically significant. The average 297 elemental concentrations for each experiment are reported in Table 1 . Table 2 ) and deposited on the surface snow causing the high iodine surface snow enrichment. This 318 process, together with the absence of photoactivation that causes iodine loss from the snow surface, 319 could explain the high level of iodine during the polar night. 320
In parallel to iodine, our experiments have focused on the rapid changes in mercury concentrations 321 that could occur in surface snow during the polar night. This is because without these temporal 322 resolution measurements, it is extremely difficult to determine which reactions might be occurring. 323
During the first 24 hours of the winter experiment (2017) we had strong winds remodelling the snow 324 surface. Variations in surface mercury concentrations detected within the first 24 hours may in part 325 have been due to snowfall and physical artefacts caused by windblown snow redistribution. After the 326 storm, total mercury concentrations in surface snow tended to stabilize until the end of the experiment. 327
It should be noted that some oscillations in surface snow mercury concentrations and the ambient air 328 above have been detected. Mercury in the snow rapidly decreased from 00:00 on the 24 th until noon 329 on the same day and was associated with an increase in the atmospheric mercury concentration 330 However Hg in surface snow shows the highest values during the insolation minima, suggesting that 373 its concentration in the snow might be influenced by daily differences in incoming solar radiation. 374
The experiment at Dome C (Spolaor et al. 2018) was carried out under full polar day conditions with 375 incoming solar radiation reaching the snow surface for the entire period of the experiment. The 376 experiment conducted at Ny-Ålesund between the 6 th to the 9 th of April 2016 was characterized by a 377 night and day cycle. Similar to iodine, a clear diurnal cycle has been detected for atmospheric and 378 surface snow mercury. Snow mercury shows the highest concentrations during the night, with a 379 minimum during the daytime (night periods are highlighted in Figure 3 by the grey rectangular). 380
Contrary to this, the GEM shows a minimum during the nighttime and a maximum during the daytime. 381
This antiphase behaviour ( Figure 3 and Table 2) suggests that under day light conditions, mercury in 382 the surface snow can be reduced and released by photochemical processes from the snow surface, 383 resulting in increases in atmospheric concentrations. During the night, mercury can be oxidized to 384 Hg(II) and re-deposited onto the snow surface. In addition to this diurnal oscillation during the 385 experiment, if we exclude the snowfall that caused a re-enrichment of surface snow for both elements, 386
we detected a decreasing trend for mercury in snow as well as in the atmosphere (Figure 4 and Table  387 2), from the beginning to the end of the experiment. This decreasing trend may be ascribed to re-388 emission during the daytime and an incomplete deposition during the night due to possible 389 dilution/removal processes caused by the surrounding atmosphere, with air mass movements as well 390 for mixing within the upper atmospheric strata. This suggested atmospheric removal could explain 391 the positive correlation between GEM and snow surface Hg seen in Table 2 However, it should be noted that although Br and Na surface snow concentrations decrease during 434 snowfall, the Br enrichment factor increased, suggesting that snowfall is able to scavenge gas phase 435 bromine present in the atmosphere in addition to the aerosol phase and deposit it onto the snow surface. Our high temporal resolution experiments did not have the aim of characterizing the average surface 459 snow concentrations but were designed to understand the behaviour of these elements in surface snow 460 within specific seasonal changes that can occur. A clear diurnal cycle for mercury and iodine has 461 been determined when a day and night cycle was still present, however, for Br (and its enrichment 462 factor) no diurnal cycle has been detected showing it has a more conservative behaviour in snow. 463
Total mercury concentrations in surface snow peak during the night and decreases during the day, the 464 opposite of its behaviour in the atmosphere. Iodine, acts similarly to mercury, peaking during the 465 night and decreasing during the day. Considering our finding that up to 70% of the iodine present in 466 the snow can be released to the atmosphere by photo-induced reactions. the active role of snow in 467 providing gas phase iodine should be considered in studies of nucleation processes in the polar 468 
